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(54) Energy beam souroe and film deposit fonning method therewith 

(57) An energy beam source presented is for use in 
micro-fabrication ta^. such as ^rication of specific 
patterns, in-situ bonding, repar. connection and discon- 
nection of electrical paths. applicat)le to semiconductor 
devices and other micro-sized circuits in Integrated cir- 
cuits. The beam source is made compact so that several 
sources can be located inside a vacuum vessel and in 
conjunction with micro-manipulators or microHifiovement 
stages operated under light or electron microscope. The 
beam source is provided with at least three electrodes, 
and by applying a selected voltage, i.e.. high frequency 
voltage, direct current voltage and ground voltage, on 
each the three electrodes in association with film-forming 
substance(s), virtually any type of deposit can be formed 
in any location of the workpiece. Different types of parti- 
cle beam, such as positive and negative ion beams, high- 
speed neutral atonruc beam, radical particle beam, 
electron beam can be produced from the beam source 
by judlckMS choice of operating parameters and the film- 
forming material which may be a process gas or an 
applied coating. By using the beam source and the 
method of deposit forming presented, virtually any t^e 
of fabrication tasks can be carried out on any surface and 
any location of a workpiece in a three-dimensional 
space. The awailabifity of the oonpact energy beam 
source is expected to open a new path to such leading- 
edge industries as repair of semiconductor devices, cir- 
cuit alteratiorVrqsair and micro-machining of ultrasmall 
components for various fields. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Invention: s 

The present invention relates in general to partide 
beam generation sources, and relates in particular to a 
particle beam generation source which is able to gener- 
ate a plurality of beams of different energy levels by 
impressing different types of electrical voltage on the 
electrodes of the beam discharge tut>e to perform differ- 
ent f^ications. The present invention relates also to a 
micro-fabrication apparatus for conducting simultaneous 
or serial febrication processes on one worKpiece by 
using the energy beam source of a compact design. The 
present invention also relates to a metfiod of making suit- 
able patterns on any surface of fine parts such as 
micromachines and semiconductor elements. The 
energy beam source of the present invention is applica- 
ble to micro-fat)ricating a pattern of the order of nanom- 
eter spacing (nm), for example, 
disconnecling/'connecling wiring patterns or fabricating 
a three-dimensional archftecture on an insulating 8ul> 
strate base. 

Description of the Related Art 

Conventional partide beam sources such as ion 
t>eam sources and other beam sources for forming 
diarged icxis or radic^ partides in plasma processing 
are provided with a fixed applied voltage because such 
beam sources are generally designed to be used for one 
end objective, and require only one type of partide beam 
to be generated therefrom. For example, in ion beam 
sources, the ion acceleration eiedrode is applied with a 
direct cunent voltage, and the ion energy beam is varied 
by varying the magnitude of the applied direct current 
voltage. The ion beam source of such a design is gen- 
erally not capable of generating other types of particles. 

Energy beam is used In photolithographic processes 
to carry out micro-fabrication of fine semiconductor pat- 
terns. A basic photolithographic process of fabricating 
semiconductors is explained in the tbilowing. 

FIQ. 20 shows a conventional micro-fabrication 
ixocess using photdithography. In Step 1. a semicon- 
ductor substrate base 1 Is coated with a photoresist 
material 2. In Step 2, ultraviolet (UV) tight 4 is irradiated 
through a photomask 3 to transfer the pattern holes 3a 
on ttie photomask 3 onto the photoresist coating 2. In 
Step 3, through a development process, those areas of 
the photoresist material 2 which were exposed to the U V 
light 4 through the patterns holes 3a is removed. By uti- 
lizing ions and radical partides in a plasma discharge, 
anisotropic etching is performed in Step 4 on those areas 
which are not proteded by tiie photoresist coating 2. The 
final step, Step 5. is the removal of the photoresist coat- 
ing. At least the above series of basic steps are required 
to produce cavities 1 c of the same pattern as the pattern 



holes 3a of the photomask 3 on the surface of tiie sub- 
strate base 1. The usual practice for fabricating a semi- 
conductor device is to repeat the above series of basic 
steps comt>ined with introduction of dopants at selected 
stages of the photolithographic process. 

Also, conventional methods of forming a film deposit 
on a surface of electronic parts, fine machinery parts and 
medical devices Involve some vacuum deposition or 
sputtering process. 

As shown in FIG. 31 . a vacuum deposition process 
comprises the steps of: heating a target material 6 in a 
vacuum vessel 5 with a heater 6a: vaporizing the target 
material 6 to deposit a vapor on a worKpiece 7. such as 
a substrate base, to be coated; depositing a film 6c by 
continuing the vaporizing and coating processes. The 
method of heating indudes resistance heating, radiation 
heating and eledron beam heating. 

A sputtered coating is formed by endosing a sub- 
strate t>ase 7 in a vacuum vessel, as shown in FIQ. 32, 
and a high energy beam such as ion beams are radiated 
from a beam source 8to a target source 9 and the sput- 
tered partides 9a. which is a secondary emission prod- 
ud from the target source 9. are deposited on the 
substrate base 7 to form a sputtered coating 9b. 

There are several inherent problems in the conven- 
tional technology to limit the produdion capability of 
deposit making devices. These problem will be cfis- 
cussed in some detail in the following. 

According to the conventional photolithographic 
method presented above, it is difficult to produce pat- 
terns of ultra-fine line widths or cGameters, and at the 
present time, spedal approaches are needed to produce 
finer patterns than those generally available. 

Alsa the ion beam source is usually fixed on a flange 
and the degree of freedom of orientating the source is; 
severely llmrted, consequentiy, it is difficult to position the 
beam source so that any surface of a workpiece may be 
irradiated, and it is especially difficult to ^ploy a plurality 
of energy beam sources to perform a tiiree-dimensional 
irradiation on the workpiece. 

Also, in micro-fabrication process on semiconductor 
materials using the conventional photolithography tech- 
nique, it is necessary for the substrate base to fiave cer- 
tain surface qualities, such as high flatness, and those 
bases having poor surface finish or bowing are rejected. 
Furthermore, it is difficult to produce a photoresist pat- 
tern on more than one surfece of one workpiece at any 
one time. This is because transfer of each pattern 
requires preparation of a photomask, thus necessitating 
the preparation of a photomask for each pattern. It can 
be understood that the entire process is quite cumber- 
some and expensive, and limits the degree of freedom 
of pattern making on the substrate base. Therefore, 
there is a need for developing a new technology for pat- 
tern transfer and etching processes. 

Another problem in the conventional method is that 
if an Ion beam source or electron beam source is used 
to remove a photoresist coating, in addition to having 
such beam sources, it is necessary to have a reactive 
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gas supply facility. Further, the ion beam source or elec- 
tron beam source is fixed to a flange, and as mentioned 
earlier, although a certain degree of movement of the 
workpidoe is feasible, it is basically restricted to a two- 
dimensional febrication task on one surtaoe of the work- 5 
piece. It is even more difficult to perform fabrication on 
one selected spot of the subject using freely selectalile 
beam sources and different incident beam angles. 

As summarized above, the conventional film deposit 
forming processes are designed to produce a pattern 
uniformly overall on a selected surface of a worl^ece, 
and they are not suitable for producing desired patterns 
on selected surfaces or locattons on the workpiece. The 
result is that it is difficult presently to produce a high per- 
formance assembled part from several microsized parts 
or to produce a film deposit on complex shaped articles. 

In other words, assembling of micro-parts or forming 
a film deposit on a complex shaped part requires that a 
deposit of a certain pattern is formed on a selected sur- 
face or on a restricted location of a worKpiece, however, 
the conventional methods are designed for forming a film 
deposit of unikwm characteristics, and is inadequate to 
meet the growing demand for a more flexible and adapt- 
able device fbr performing micro-fabrication in a three- 
dimensnnal space. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
energy beam source having an ability to produce a plu- 
rality of energy levels or plurality of partide types from a 
singular energy beam source or from a plurality of energy 
beam sources so as to enable a variety of fabricatkxi 
tasks to beperlbrmed simultaneously or serially Another 
object is to present a method for making film deposits 
using tiie energy beam source so that film deposits hav- 
ing desired patterns on any specified surfaces or loca- 
tions of a micro-sized workpiece may be febricated. 

The object is achieved in an energy beam source 
comprising: a discharge tube; a gas supply nozzle for 
supplying a process gas to the tube from upstream to 
downstream; a beam discharge nozzle having not less 
than one beam discharge opening: and not less than 
three electrodes disposed in ttie cfisc^iarge tube: wherein 
each electrode of the not less than three electrodes is 
applied with an operating electrical voltage selected from 
a group consisting of a high frequency voltage, a direct 
current voltage and a ground voltage, and wherein the 
energy beam source supplies a beam having an adjust- 
able energy level and a selectable species of particles 
chosen from a group consisting of positive ions, negative 
ions, highspeed neutral atoms, radical particles and 
electrons by suitably selecting operating parameters, 
including the operating electrical voltage, associated 
with each of the not less than tiiree electrodes, and the 
process gas. 

According to the energy beam source presented, the 
beam source is able to generate a beam having any one 
of positive ions, negative ions, highspeed neutral atoms, 



radical particles and elecb-ons by selecting operating 
parameters, such as high frequency voltage, DC voltage 
and ground voltage, to be applied to a combination of 
electrodes. Therefore, a variety of rrricro-fabrication 
tasks can be performed using one beam source. 

An aspect of the beam source is that the beam dis- 
charge nozzle is provided with not less than one beam 
discharge opening, wherein a diameter range of tiie 
beam discharge opening is selected from a group con- 
sisting of a 0.1 nm to 10 nm range, a 10 nm to 100 nm 
range and a 100 nm to 10 iim range, axid wherein a 
lengtii of the beam discharge opening is selected from 
a group consistirtg of a 1 to 5 times the diameter. 5 to 1 0 
times the diameter, and not less than 10 times the diann- 
eter. 

Accordingly, the energy beam of an extremely fine 
size, embodied by 0.1 nm - lOM^m, having an aspect ratio 
of the diameter to the length of the order of 1 -10 can be 
generated. The efficiency of forming neutrally-charged 
atoms is improved, and highly effk:ient highspeed atomk: 
beam can be generated. 

Anotiier aspect of tiie beam source is that the energy 
beam source is a compact source, and not less than one 
of tiie beam sources is mounted on handling means, 
including a micro-manipulator and a rotation/b^anslation 
stage, so as to provide a freedom in orienting the beam 
source in any orientation with respect to the workpiece. 

Accordingly, because tfie energy t^eam source is 
made conpact and is mounted on a micro- movement 
stage, it is possible to irradiate a specific local area of 
the workpiece to perform micro-fabrication tasks such as 
local deposit forming and etching. 

Another aspect of ttie beam source is that an elec- 
ti-ode disposed in a farthest downstream location is pro- 
vided with a patterned mask integrally formed with the 
electrode so as to permit a beam to pass through a pat- 
terned opening formed on the patterned mask. 

Accordingly, because the beam source is provided 
with a patterned mask, the necessity fbr the photo-mask 
used in the conventional photolithography can be elimi- 
nated. 

Arx)ther aspect of the beam source is that tiie appa- 
ratus is provkied with transport means for provkling a rel- 
ative nxyvement of the workpiece and the energy beam 
source fbr performing micro-f^rication tasks, including 
tocal film deposition, locd etching, bonding and attach- 
ing. 

Accordingly, because the source and the worlq;>iece 
can be moved relative to one another by micro-move- 
ment devices, two beam sources, for example, can be 
used to perform different micro-fabrication tasks on any 
surface or location of the workpiece suitat)ly orienting 
the sources. Further, by fbcusing two kinds of beams on 
a k>cal area of the workpiece, it is possible to achieve 
synergistic effects of different beams to achieve fabrica- 
tion products which have not been possible heretofore. 

Additional object of the present invention is to pro- 
vide a metiiod of micro-fabrication using tiie various 
types of beam source presented atxTve. For example, a 
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lew-energy beam is used in association with a film-form- 
ing gas; the kwv-energy beam may be racSated on a worlc- 
piece; wherein a relative movement of the energy beam 
source and the vworlq)iece is provided so as to produce 
any deposition pattern on any surface or any location on 5 
the workpiece. 

Accordingly, it is not necessary to irradiate the entire 
surface of the worl^tece with the film-forming particles, 
only selected local areas may be processed with the 
highly directed beam source, and the use of transport 10 
means enables to perform processing on any surface 
and any location of the worlqi^eca 

Another aspect of the method is that an electron 
beam is radiated on a workpiece through a patterned 
mask having a specific pattern; wherein a relative move- is 
ment of the energy t>eam source and the workpiece is 
provided so as to produce any deposition pattern on any 
surface or any location on the workpiece. 

Accordingly, it is not necessary to inadiate the entire 
surface of the workpiece with the f ilm-lbrming particles. 20 
only the selected local areas may be processed through 
the patterned masK and the use of transport means ena- 
bles to perform processing on any surface and any loca- 
tion of the workpiece. 

Another aspect of the method is that a coating of a 25 
film-forming material or supplying a film-forming gas may 
be applied on a surfece of a workpiece; and the electron 
beam is radiated on the surface of the workpiece so as 
to activate film-forming particles to form a film deposit on 
the surface; wherein a relative movement of the energy 30 
beam source and the workpiece is provided so as to pro- 
duce any deposition pattern on any surface or any loca- 
tion on the workpiece. 

Accordingly, highly directed electron beam can be 
radiated to activate the fDnvforming particles to form a 3S 
local deposit, and the use of transport means enaUes to 
perform processing on any surface and any location of 
ttie workpiece. 

Another aspect of the method is that a coating of a 
film-forming material is applied or a film-forming gas is 40 
supplied on a surface of a workpiece; and an electron 
beam is radiated on the surface of the workpiece through 
a patterned mask having a specific pattern to form a film 
deposit on the surfece; wherein a relative movement of 
the electron beam source and ttie workpiece is provided 4s 
so as to produce any deposition pattern on any surfece 
or any location on the workpiece. 

Accordingly, a pre-coated film-forming material or 
the particles of the film-forming gas is activated locally 
by the electron beam passing through the patterned so 
masK and the use of b^ansport means enables to perform 
processing on any surface and any location of the work- 
piece. 

The final aspect of the method is that a coating of a 
film-forming material is applied or a film-forming gas is ss 
supplied on a surface of a workpiece: arxl an electron 
beam is radiated on the surface of the workpiece from a 
shaped electrode configured to a specific pattern to form 
a film deposit on the surface; wherein a relative move- 
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ment of the elecb^on beam source and the worlqsiece is 
provided so as to produce any deposition pattern on any 
surf^ or any location on the workpiece. 

Accordingly, a pre-coated film-forming material or 
the particles of tiie film-forming gas is activated by tiie 
highly directed electron beam from the shaped elec- 
trode, and the use of transport means enatiles to perform 
processing on any surface and any location of the work- 
piece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illusta^ation of a first embodi- 
ment of the energy beam source of tfie present invention. 

FIG. 2 is a schematic illustration of a second embod- 
iment of the energy beam source of the present inven- 
tion. 

FIG. 3 is a schematic illustration of a tiiird embodi- 
ment of the energy beam source of the present invention. 

FIG. 4 is a schematic illustration of a fourth embod- 
iment of the energy beam source of tiie present inven- 
tion. 

RG. 5 is a schematic illustration of a fifth embodi- 
ment of the energy beam source of the present invention. 

FIG. 6 is a schematic illusti^tion of a sixth emtxxJi- 
ment of the energy beam source of the present invention. 

FIG. 7 is a schematic illustration of a seventh embod- 
iment of the energy beam source of the present inven- 
tion. 

FIG. 8 is a schematic illustration of an eighth embod- 
iment of the energy beam source of the present inven- 
tion. 

FIG. 9 is a schematic illustration of a ninth embodi- 
ment of ttie energy beam source of the present invention. 

FIG. 10 is a schematic illustration of a tenth embod- 
iment of the energy beam source of the present inven- 
tion. 

FIG. 1 1 is a schematic illustration of an eleventh 
emtxxiiment of the energy beam source of the present 
invention. 

FIG. 12 is a schematic illustration of a twelfth embod- 
iment of the energy beam source of the present inven- 
tion. 

FIG. 13 is a schematic illustration of a tNrleenlh 
embodiment of the energy beam source of the present 
invention. 

FIG. 14 is a schematic illustration of a fourteentii 
embodiment of the energy beam source of tiie present 
invention. 

FIG. 15 is a schematic illustration of a fifteenth 
emtxxiiment of the energy beam source of ttie present 
invention. 

RG. 16 is a schematic illustration of a sixteentii 
emt}odiment of the energy beam source of the present 
invention. 

FIG. 1 7 is a schematic illusft-ation of a micro-fabrica- 
tion apparatus using a seventeenth embodiment of the 
energy beam source of tiie present invention. 
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FIQ. 18 is a schematic illustration of a miao-fabrica* 
tion apparatus using an eighteenth embodiment off the 
energy beam source off the preseirt invention. 

FIG. 19 is an illustration of the borxiing step in FIQ. 
18. s 

FIG. 20 is an illustration of a conventional process 
of photolithography. 

FIG. 21 is a perspective view of a nineteenth embod- 
iment of the energy beam source off the present inven- 
tion. 

FIG. 22 is a perspective view off a twentieth embod- 
iment of the energy beam source of the present inven- 
tion. 

FIG. 23 is a perspective view of a twenty-first embod- 
iment of the energy beam source of the present inven- 
tion. 

FIG. 24 Is a perspective view of a twenty-second 
embodiment of the energy beam source of the present 

invention. 

FIG. 25 Is a perspective view of a film deposit made 
by the fourth embocfiment of the energy beam sourca 

FIG. 26 is a perspective view of a twenty-third 
embodiment of the energy beam source off the present 
invention. 

FIG. 27 is a schematic biodk diagram to show an 
example of a system for performing the method of the 
present invention. 

FIG. 28 is a perspective view of a twenty-fourth 
err^KxJiment of the energy beam source off the present 
invention. 

FIG. 29 is an iDustration of the tx>nding step in FIG. 8. 

FIG. 30 is a schematic illustration of a twenty-fifth 
emtxxliment of the energy beam source of the present 
invention. 

FIG. 31 te an illustration of a conventional method of 
making a f ilm deposit. 

FIG. 32 is an illustration of a conventional metiiod of 
making a film deposit 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred emtxxJiments. from first to twenty-fifth 
embodiments, will be explained with reference to the 
drawings. TTie same reference numerals refer to tiie 
same or equivalent parts. The following is divided into 
two parts: Part t relates to Energy Beam Sources and 
Part il relates to Methods of Micro-Fabrication using the 
energy t>eam sources off Part I. 

t. Energy Beam Sources 

FIG. 1 1s an energy tteam source of ttie first embod- 
imenL The energy beam source (shortened to source 
hereinbelow) 10 is placed in a vacuum vessel (not 
shown) together with a workpiece to be irradiated with 
the beam. The source comprises three electrodes 15,16 
and 1 7. the middle electrode 16 is ring-shaped, attached 
to a discharge tube 1 1 made of a pyrex glass or quartz. 



The source is designed so that a process gas stream is 
made to flow from an inlet (upst-eam) to an outiet (down- 
stream). The downstream electrode 17 is provided with 
a beam discharge nozzle 12 having a beam discharge 
opening 12. The upstream electa^ode 15 is provided with 
a gas supply nozzle 13 for supplying a process gas to 
the interior of the discharge tube 11. The beam dis- 
charge opening may be singular or plural. 

The source is a compact source, and it is possble 
to generate a beam of different energy levels or particle 
types tyy adjusting the type and magnitude of the voltage 
to be appUed on tiie electrodes 15. 16 and 17. A desired 
fabrication process, such as etching, film deposition, 
bonding, attachment, can t>e performed on specified 
location of the workpiece. By using a plurality of sources, 
it is possible to perform a number of fabrications on tiie 
same surface of one workpiece in simultaneous or serial 
steps. 

To perform etching using the source, a highly reac- 
tive process gas such as chlorine, CCU. SFq. CF4. O2 
and chloro-ftuoro hydrocartx>ns. For film deposition, 
process gases such as aluminum chloride, tungsten hex- 
affuoride, methane. titEutium chloride diluted with He 
and/or Ar gases are used. 

Bonding and attachment can be performed by align- 
ing the workpiece with the source, before fabrication, 
using a light miaoscope, laser microscope and scanning 
electron microscope (SEM) and the like magnifying 
means. 

FIG. 2 shows a second emtxxiiment of the source. 
The basic configuration is the same as tiiat in the first 
embodiment, tx/t a coil 1 8. equivalent to the middle elec- 
trode 1 6, is disposed in the center of the discharge tuk)e 
1 1 for applying a high voltage to generated plasma within 
the tube 11. Tiie high frequency inductive discharge by 
the coil 18 generates a higher density plasma than the 
capacitively coupled type due to the formation of a mag- 
netic field by the application of the high frequency voltage 
on the coil and the consequent activation of the electron 
activity by the magnetic field and their effect on tiie 
plasma generation (in tiie process gas supplied from tiie 
gas nozzle). The process gas is referred to as gas here- 
int>elow. 

FIQ. 3 shows a third embodiment of the energy 
beam source. This is an example of using the source to 
generate radical particles. In this embodiment, the mid- 
dle electrode can be either a ring type 16 or a coil type 
1 8, but in either case, the electrode is applied with a high 
frequency voltage. The remaining electi-odes 15. 1 7 are 
grounded. A gas for forming the radical particles is intro- 
duced from a gas nozzle 13 disposed upstream, and a 
high frequency disctiarge plasma is formed witiiin the 
tut>e 1 1 . The radical particles formed in the plasma are 
accelerated by the pressure difference between the 
beam cBscharge (H>ening 1 2 and the surrouncfing atmos- 
phere, and are discharged tiirough the beam to irradiate 
tiie workpiece disposed downstream. By grounding the 
upstream and downstream electrodes 15, 17, impress- 
ing a high frequency voltage on the middle electrode 16 
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or 1 8, and regulating the high frequency voltage, it is pos- 
sible to emit the radical particles. 

FIG. 4 shows a fourth embodiment of the energy 
beam source. In this embodiment, the downstream elec- 
trode 17 Is applied vnth a high frequency voltage. In this 
case, the middle electrode 16 is a ring electrode, and are 
grounded along witii the upstream electrode 1 5. In this 
case, discharge occurs between the middle electrode 1 6 
and the downstream electrode 1 7. and a plasma is gen- 
erated in the downstream side of the discharge tube 1 1 . 
Plasma radical particles are emitted from the beam dis- 
charge opening 12 due to the pressure differential 
between the interior and exterior of the tube 11 as in the 
previous embodiment However, because the high fre- 
quency voltage is applied, electron vibrational activities 
are generated near the beam discharge opening 1 2 also, 
and the radical particles become activated in this vicinity, 
thereby enabling to inradiate the workpiece with radical 
particles of a high activity. 

FIQ. 5 shows a fifth embodiment of the energy beam 
source. This is an example of varying the voltage to be 
applied on the electrodes to generate highspeed atomic 
beam. In FIG. 5. a high frequency voltage is applied on 
the upstreeun electrode having a gas supply nozzle, the 
middle electrode 16 is grounded and the downstream 
electrode 17 is applied with a negative vottage. There- 
fore, discharge is generated by the two electrode on the 
upstream side of the tube 1 1 , and a plasma is generated. 
The positive ions in the plasma are accelerated towards 
the downstream electrode 17. and perform charge 
exchange with the residual gaseous particles in the 
beam discharge opening 1 2, and are emitted as a neutral 
highspeed atomic beam. 

FIG. 6 shews a sixth en^xxliment of the energy 
beam source. In this embodiment, a positive DC voltage 
is applied on the upstream electrode 15. and the high 
frequency voltage is applied on the middle electrode 1 6. 
The downstream electrode 17 is grounded. In this case, 
the middle electrode can be either a capacitiveiy coupled 
type or an inductively coupled type. If it is capacitive. a 
ring electrode 1 6 is used, and if it is inductive, a coil elec- 
trode 18 is used. The acceleration biasing voltage 
between the electrodes 15, 17 is tept constant, ard the 
electron activities is promoted by the high frequency volt- 
age applied on the middle electrode 16 or 18, and a 
plasma is generated. The positive ions in the plasma are 
accelerated by the biasing voHage to be accelerated 
towards tiie downstream electrode 17 provided with a 
beam discharge opening 12, and are neutralized in the 
beam discharge opening 1 2. Also, by impressing a pos- 
itive voltage on the downstream electrode 17 and 
grounding the upstream electrode 15. it is possitils to 
irradiate the workpiece with highspeed atomic beam of 
negative ions generated in the plasma. 

FIG. 7 shows a seventh embodiment of the energy 
beam source. This is an exarrple of forming a local 
deposit or bonding using any of the sources presented 
atx>ve. In this emfcxxliment. a radical discharge nozzle 
19 is provided on the tip of the downstream electrode to 



form a local deposit. The radical discharge nozzle 1 9 has 
an inside diameter of 0.1 -0.3 mm and is provided with a 
tNn plate 20 having an opening of 0.1 nm-10 jim at a tip. 
FIG. 8 shows an eighth errdxxjimerrt of the energy 

5 beam source. In this embodiment, a patterned mask 21 
is integrally provided at the tip end of the downstream 
electrode. The patterned mask 21 is provided with a pat- 
tern having certain shapes or fine holes. This is used 
when tfie beam discharge opening 12 is too large or 

10 ■ when there are several of them, to block a part of the 
beam downstream by passing the beam through the pat- 
tern hole 22 before the workpiece 23.is irradi€rted. This 
is useful when the sputtered particles in the downstream 
side produce an undesirable effect on tiie workpiece 23. 

IS FIQ. 9 is a ninth embodiment of the energy beam 
source. In this emtxxjiment. a workpiece 23 is assem- 
bled with a small rod 24, and a local deposit is formed in 
tiie assemlsled section to provide reinforcement of the 
assend3led section. The diameter of the small rod 24 is 

so about 10 nm-100 ^m. A cavity was produced on the 
workpiece 23 with the highspeed atomic beam produced 
from the energy beam source presented above. arxJ the 
rod was positioned in the hole by means of a mtcro-han- 
dling apparatus. The local deposition was made either 

2S by changing the applied voltage setting or by using 
another energy source. Highspeed atomic beam was 
radiated on the assembled section to provide reinforce- 
ment to the attachment/tx>nding at the assembled sec- 
tion. 

30 FIG. 10 is a tenth embodiment of the energy beam 
source. In this embodiment further downstream of the 
downstream electrode 17. a patterned mask 21 is pro- 
vided integrally with the downstream electrode 1 7. High- 
speed atomic beam discharged from the t>eam 

35 discharge opening is shaped t>y the mask 21 according 
to a micro-sized pattern provided on the mask 21 and is 
radiated on the worl^Diece 23. The micro-sized holes on 
tiie mask 21 range between 0.1 nm-100 jim, and can 
have any type of patterns. In this emtxxliment, the work- 

40 piece 23 is disposed on a movable stage (not shown), 
and the energy beam source side is fixed. Therefore, by 
moving the worlq^iece relative to the fixed radiation posi- 
tion of the source, it is possible to generate line, dot and 
other patterns or to perform mk:ro-sized etching of some 

45 fine patterns. 

FIQ. 11 shows an eleventh emt)odiment of the 
energy beam source. In this embodiment, there are a 
plurality of beam discharge openings 1 2 provided on tiie 
downstream electrode 17. This source is used when 

so there is a need for a large diameter beam. It is also useful 
for suppressing the undesirable effects on etching which 
may be caused by the sputtered particles from the down- 
stream electrode 1 7. To stress the urxlesirable effects 
of the sputtered particles from the downsfream electrode 

55 17 having the beam discharge opening 12, it is also effec- 
tive to provide a quartz plate or a coating of oxides of 
silicon on the inside of tiie downstream electrode 1 7. 

FIG. 12 shows a twelfth emtxxiiment of the energy 
beam source. The configuration of this embodiment is 
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almost the same as that of the eleventh embocGment 
however, in the eleventh embodiment, the high fre- 
quency voHage was applied to the upstream electrode 
IS and a plasma was generated tietween the upstream 
electrode 1 5 and the middle electrode 1 6, in comparison, s 
in this emtxxJiment, the upstream electrode 15 is applied 
witti a DC voltage, and the high frequency voltage is 
applied on the middle electrode 16. This configuration 
produces a plasma through the entire discharge tube 1 1 . 

FIG. 13 Shows a thirteenth embodiment of the io 
energy beam source. This is an eocample of performing 
a localized deposition process using any of the sources 
presented above. In this embodimerrt. a junction of two 
continuous wiring 25 is severed locally by using a high- 
speed atomic beam 26 from a fine diameter energy beam is 
source 10. The connection is now divided into two sep- 
arate wiring 25A, 25B. This method is applicak)le to sev- 
ering aluminum wiring deposited on a semiconductor 
substrate base, circuit wiring on printed circuits and 
micro-wiring on quantum devices and the like. 20 

FIG. 14 is a fourteenth embodiment of the energy 
beam source. In this embodiment, local etching on a 
workpiece 23 is performed by a radical parttde beam 27 
from a source 10. The example is a case of moving the 
workpiece 23 while irradiating the workpiece 23 with the 2s 
radical particle beam 27 to provide local etching on the 
workpiece 23. The relative movement can be provided 
by either the source or the workpiece. 

FIG. 15 is a fifteenth emlxxliment of the energy 
beam source. This embodiment is an exanple of per- 30 
forming a localized deposition process on a separated 
wiring or spaces between fine structures by using radic^ 
particle beam in conjunction with film forming gase8(s). 
As shown in tNs drawing, the space between the sepa- 
rated wiring 25A and 25B is irradiated with a radical par- 3S 
tide t>eam 27 from a source 1 0 to form a local deposit 
29 to provide an electrical connection between the wiring 
25A and 25B to provide an electrical path 25. 

FIG. 16 shows a micro-^rlcation apparatus using 
an energy beam source of the sixteenth embodiment. In 40 
this embodiment, a source 10 is used in conjunction with 
another source 30. This is an example of using a high- 
speed atomic beam 30 arxJ a radical particle beam 10. 

The combined action of the atomic beam from the 
highspeed atomic beam 30 and the radical particle beam 4S 
from the radical particle source 10 offers an opportunity 
to increase the etching performance significantly. The 
combined effects of the increased reactivity offered by 
the radical particle beam and the selection capability of 
local fabrication offered by the highspeed atomic beam so 
are able to provide both an increased etching speed as 
wen as an accurate anisotropic local fabrication. In the 
experiments carried out by the present inventors, it has 
been confirmed that it is possible to ot>tain improved 
etching speed of 2 to 1 0 times on silicon or gallium arse- 55 
nide (GaAs) sufc)strate base, and 5 to 20 times on polya- 
mide films. 

FIG. 17 shows a fatirication apparatus using a sev- 
enteenth emtxxjiment of the energy beam source. Tliis 
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is an example of an apparatus for performing different 
tEffiks, such as etching and film deposition, on different 
surfaces of a workpiece 23 using a plurality of energy 
beam sources. 

Above the workpiece 23, a highspeed atomic beam 
source 30 is positioned, and radiates a highspeed atomic 
beam on a top surface of a worl^iece 23 through a mask 
21. This example relates to etching of a top surface of 
the workpiece 23 with an atomic beam passing through 
the opening of the mask 21. and the pattern projected 
on the surface is the pattern provided at the opening, 
thereby performing the tasks of pattern duplication and 
etching of the pattern simultaneously. A compact energy 
beam source 1 0A is a radical partide source, and sup- 
plies radical particles from an inclined top location to an 
irradiated local spot of the highspeed atomic beam 
source 30. At the local spot, the etching rate is increased 
significantly due to the interactive effect of the highspeed 
atomic beam and the radical particles, arxl a cavity hav- 
ing steep side walls, for exarnple, is produced at a high 
etching rate. 

Also on the side surfeoe of the workpiece 23, a com- 
pact source IOC moves while radiating a highspeed 
atomic beam tfiereon to perform an etching task to pro- 
duce an extended channel along the side surface. On 
another side surface of the workpiece 23, a compact 
source 10B radiates a radical particle beam generated 
from a fPm deposition gas, and the movement of the 
beam along the side surface produces a fine extended 
(protrusion) deposit on the skje surface. 

The sources 10A, 10B and 1 0C and the like are dis- 
posed respectively on a manipulator or other rota- 
tion/translation stages to permit movement predsfon of 
a nm order. Likewise, the beam is capable of producing 
patterns of the order of nm sizes, as described eariier. 
Therefore, by utilizing a plurality of sources disposed in 
such a way to permit irradiating a workpiece from a plu- 
rality of directions, it is possible to produce exb'emely f ine 
patterns in a three-dimensional space. 

In this emtxxJiment, the example related to a case 
of tebricating different patterns on three surfaces, but it 
is also possible to cany out sequential fabrication follow- 
ing a certain sequencing schedule. It is naturally permis- 
sitile to carry out one type of fabrication on each surface 
of a workpiece. 

The sources 10A, 10B and IOC are at)le to perform 
dtffo-ent processes, such as etching and film deposition, 
by choosing suitable operating voltages to be applied on 
the upstream, middle and downstream electrodes and 
selecting suitat)le process gas species to be admitted 
into the discharge tube. For example, a process sched- 
ule such as light eti:hing of a side suriace to expose a 
dean surface, followed by depositing of a fine Bne pro- 
trustononthedeaned surface can readily be canried out 
using the source of tills invention. 

Some of tiie salient features of the energy beam 
source of tiie present invention will be reviewed in the 
following. The source is designed to have at least three 
elecb-odes each of which can be applied with a DC volt- 
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age, a high frequency voltage or a ground voltage. The 
electrode to be used for high frequency voltage applica- 
tion includes the capadtiveiy coupled type or inductively 
coupled type. The inductively coupled type uses a coil 
electroda The high frequency source is not particularly 5 
limited, and the choice being made on the basis of end 
application, and usually a frequency of 13.56 Hz is 
employed. For example, the use as a radical particle 
source would require the downstream or middle elec- 
trode to be applied witii a high frequency voltage so that 
the generated radical particles would be accelerated due 
to the pressure differential and discharged from the 
beam discharge opening. 

When the downstream electrode is applied wrth a 
high frequency voltage, electron activities occur also at 
the downstream electrode, and the activation effect on 
the gas particles is increased. Also, the energy beam 
source enables to s^ect whetfier to accelerate the pos- 
itive ion particles or negative ion particles in the plasma 
by applying either a high voltage or a low voltage on the 
beam discharge electrode. ITie accelerated ion particles 
undergo charge exchange with the residual gas particles 
in the beam discharge opening, and are emitted there- 
from as a highspeed atomic beam containing neutral 
charge partides. 

TTie dimensions of the beam discharge opening 
diameter and its length, providing an aspect ratio of the 
discharge opening, are critical factors in determining the 
properties of the energy beam. When the source is to be 
used to perform localized micro-fabrication, the diameter 
of the beam discharge opening is important, and for tNs 
purpose the diameter must be in ranges of 0.1-10 nm. 
10-100 nm or 100 nm-10 fim. The length of the opening 
significantly affects the character of the discharged 
beam, and therefore, the length must also be chosen to 
suit the application. For example, when the length is 
within 1-5 times the diameter of the opening, the high- 
speed atomic beam comprises electrons, ions, radicals 
and moderately neutral particles. The discharge beam 
expands downstream so that it is possible to inradiate a 
circular area of 10-50 times the diameter of the opening. 
When the length Is within 5-10 times the diameter, the 
directionality of the beam is excellent, and it is possible 
to localize the Irradiation area. In this case, the neutrali- 
zation factor of the high-«peed atomic beam within the 
opening is increased to about 30-70 % of the total parti- 
cles. When the length becomes longer than 10 times the 
diameter, the beam directionality is further improved arxl 
the neuti-alization factor is also increased to about 70 %. 
This type of highspeed atomic beam is excellent for fat>- 
rication of an extremely fine localized area. 

The source is designed to be compact and the oper- 
crting parameters can be freely varied by selecting an 
appropriate operating voltage to be applied on the elec- 
trodes. The electrodes are connected to lead-in termi- 
nals of the vacuum vessel which are connected through 
flexible coaxial cables to an outside control unit on the 
atmospheric side. Therefore, by simply changing the 
input terminal cak>les, K is possible to select the type of 



voltage to be applied on the electrode, therekiy providing 
a beam of desired energy level and particle type. 

The source located inside the vacuum vessel may 
be singular or plurality, and may be mounted on a manip- 
ulator or rotation/translation stage so as to permit various 
types of f^rications to be carried out, such as etching, 
film deposition, bonding and attaching, either simultane- 
ously or serially on any surfece of a workpiece. The work- 
piece itself may be mounted on a manipulator or 
rotation/translation stage so as to perform fabrication on 
a plurality of workpiece surfaces. The manipulator or 
rotation/translation stage is designed so that it nray be 
operated from the outside control unit 

The source can be used to perform local fabrication, 
such as local film deposition/etching and the like, or 
bonding/attaching of more than two fine objects. To 
improve the beam directionality and the definition of tiie 
fine beam to produce fine patterns, a ma^ having micro- 
patterns is disposed integrally on a downsti^eam beam 
source, thereby enabling to transfer patterns on a work- 
piece without using conventional photomasking and the 
like. 

Such an integral masking is useful in preventing 
undesirable effects of sputtered particles generated from 
the discharge electrode in the discharge tube. This can 
be prevented by having a plurality of beam discharge 
openings to reduce the amount of sputtered particles, 
and can^ying out the local fabrication witii the use of the 
Integral patterned mask to contn^ the beam shape and 
diameter. 

For tx)nding/attaching applications, positioning and 
fakxication of a plurality of fine workpieces may be car- 
ried out under a light microscope, laser microscope. 
SEM and the like magnifying means. 

RQS. 18 and 19 show a mettiod of performing three- 
dimensional fabrication of a workpiece using an eight- 
eenth embodiment of the energy beam source. 

For a new workpiece 23. assembly operation may 
involve, for example, making openings 23 A. 23 B using 
tiie source 10A. 1 0B. Here, the workpiece 23 is a silicon 
single crystal or a polyamide resin. For assembly oper- 
ation, a manipulator 31 is used to insert a rod piece 33 
made of stainless steel of 300 ixm diameter, for exarrple, 
into the opening 23A. For the opening 23B. a F>iate piece 
33B. made of a silicon single crystal, is inserted using 
the manipulator 31. Bonding operation may require 
revolving of the source 10A in a cone shape around the 
workpiece 23 and radiating a reactive radical particle 
beam to tiie joint area between tiie opening 23A and the 
rod piece 33. Similarly, by ti^nslating the source 108, the 
reactive radical particle beam is radiated on the joint 
between the plate piece 33B and the opening 23B. Irra- 
diation with the reactive radical particle beam produces 
a bonding agent 34. a local f im deposit, at the joint area 
to join two different materials, theretiy bonding the work- 
piece 23 to the rod piece 33A and the plate piece 33B. 

FIG. 19 illustrates ttie process of inserting the rod 
piece 33A into the opening 23A and inradiating the joint 
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area with the radical particle beam to provide the bond- 
ing agent 34 for bonding the two pieces. 

Aligning of the insertion pieces and the beam is car- 
ried out while observing the pieces under a SEM or light 
microsoc^e and operating a manipulator or a rota- 
tion/translation stage, capaUe of providing micro-align- 
ment, having the insertion object or the source mounted 
thereon. In ttiis embodiment, the compact source is 
mounted on a rotation/translation stage, and irradiates 
the joint area with a beam oriented at a suitable angle. 
Conversely; the position of the source may be fixed, and 
the pieces may be mounted on a rotation/translation 
staga 

The beam source for such af ine diameter beam may 
be a film-forming type of reactive radical particle beam 
or low-energy high^eed atomic beam. For example, by 
using methane as the process gas for the source, a rad- 
ical beam having cartoon (C) particles is generated, and 
the bonding agent 34 formed may be graphite or dia- 
mond-like cartx>n. 

In addition to methane mentioned above, the proc- 
ess gas may include tungsten fluoride, aluminum chlo- 
ride, titanium chloride and the like gases containing 
metallic component(s) or cartx>n group or hydrocarbon 
group gases and the like process gases containing C or 
C-H. The tending agent formed at the joint area includes 
a film deposit of tungsten, aluminum, titanium, graphite, 
diamond-like cartxDn and polymeric films containing 
hydrocart>ons. This is an example of the method of join- 
ing components of two different materials, which are 
mostly carried out under a vacuum. 

Reviewing the method of making a three-dimm- 
sional micro-fabrication using the energy beam source 
of the present inventk)n, the fblkiwing salient feature are 
noted. 

(1) A micro-component made of two different mate- 
rials may be bonded or attached in a vacuum; 

(2) Heating is local and there is no need to heat the 
entire workpiece; 

(3) A plurality of micro-components can be bonded 
or attached in a vacuum; 

(4) Fabrication may be carried out even on a com- 
plex shaped worlqsieca 

Conventional method of bonding requires that the 
entire workpiece should be heated to a temperature over 
100 degrees in an evacuated environment, thus 
excluded the application of the method to polymeric 
materials. For semiconductor devices, elevated temper- 
ature heating would lead to loss of device performance. 
The method using the energy beam source of the 
presertt invention is able to produce a three-dimensional 
structure without generating such problems. 

In an overall review of the embodiments presented 
to this point , the energy beam source of the present 
invention and the method of fabrication using the same 
are compared with the conventi*onal metiiods. 



The traditional photolithographic method involves 
steps wfiich are cumt)ersome because of tiie necessity 
of preparing photoresist patterns requiring such steps as 
rinsing, resist coating, exposure, baking and devetop- 

5 ment of the image. There are occasions when uniform 
resist pattems cannot be made because of the problems 
in roughness and flatness of the substrate base. As for 
the method without using photoresist, there is a profc)iem 
of limited degree of freedom In fabrication pattems. and 

10 only one pattern is made for one device design, so if a 
different pattern is needed, another pattern must be gen- 
erated to undertake photolithography. The degree of 
freedom in fabrication, such as pre-viewing the surface 
oorxlition of an wafer, and dedcfing on the regfons to be 

IS used for fabrication or a ttiree-dimensional fabrication on 
a workpiece, has been irrfx>ssible. Furlhenmore, the 
conventional sources of ion or electi'on beams are fixed 
on a flange of a vacuum vessel, ar>d altiiough certain 
degree of conti-ol over the irradiation area is possil)le by 

20 moving the workpiece. it is limited basically to a two- 
dimensional movement. Furthermore, when performing 
etching or film deposition, a separate gas supply tecility 
must be made available, and because the number of 
reactive gas particles is few, fast fabrication speed can- 

2s not be expected. 

In the present invention, it is possible to vary the 
energy beam source and the type of voltage to be applied 
to tiie discharge electi'odes inside the compact source, 
ttierefore, the compact beam source can be used as a 

30 radical particle beam source or as a highspeed atomic 
beam source. Because tiie relative alignment of the rad- 
ical beam source or highspeed atomic beam source can 
be controlled with the use of a manfujlator or a rota- 
tion/translation stage, it is possible to perform any 

35 desired fabrication on any surface of a workpiece. 
Because the source is a compact source, a plurality of 
sources may be utilized simultaneously or serially to per- 
form different fabrication operations on the same surface 
of the workpiece. Because the source is capable of radi- 

40 ating a reactive process gas directly, the fabrication 
speed is much faster than those utilizing a separate ion 
beam or electron beam in conjunction with a gas feed 
facility. For micro-fabrfoatfon applications, beam dis- 
charge opening can be selected to suit the sqaplteation 

45 requirements, for example, in three ranges of 0. 1-10 nm; 
10-100 nm; and 100 nm to 10 yim. It is also possit)le to 
use a masking having the desired holes or patterns inte- 
grally provided on an energy beam source for use in fab- 
ricating local areas of a workpiece. Localized etching, 

so film deposition, tx>nding and attaching process can be 
undertaken to realize a fabrication of a three-dimen- 
sional sti-ucture which has been exti-emely difficult using 
the conventional approach. The availability of the com- 
pact energy beam source has thus opened a new path 

55 to such leading-edge industries as repair of semiconduc- 
tor devices, circuit alteration/repair and micro-machining 
of ultrasmall components for medfoal devfoes. 
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II. Methods of Micro-Fabrication using the Energy Beam 
Sources 

FIG. 21 shovws a nineteenth embodiment of the 
present invention. This embodiment relates to a method 
of forming a film deposit 47 by irradiating a worKpiece 45 
with a low-energy beam 41 , In association with a film 
forming gas, through a mask 43 having a hollowed-out 
pattern to produce a film deposit 47 of the same design 
on the worl^iece 45. The low-energy beam 41 includes 
low-energy atomic beam, ion beam, molecular beam and 
atomic beam and the lil<e beams associated with film- 
forming gases. The energy levels may range between 
0. 1 -200 eV, and the beam diameter may range between 
IfimtoSOOmm. 

The mask 43 may include electro-formed patterned 
masks, wet etched stainless ste^ masks, excimer-laser 
fabricated masks or higher precision masks such as Ni 
masks produced by laser ionic gas attack (LIGA) proc- 
ess. 

Film-forming gas can be chosen to suit the work- 
piece but may include methane, aluminum chloride, sili- 
con tetrachloride, tungsten fluoride suitebly dPuted with 
argon or helium. TTie films which can be made by the 
method Include metals, ceramics, resins and polymers 
and their composite material, and the process gas may 
be any gas or vapor of appropriate compositions. 

The deposition process of making a film deposit 47 
comprises main steps of aligning arxJ mask 43 with the 
workpiece 45 mounted on a positioning devices 49, 51 
(for distance, parallelism arxj relative positioning etc.); 
irradiating the worl^iece 43 with the low-energy beam 
41 through the openings on the nnask 43. 

In FIQ. 21. the iilustration shows the mask 43 is 
moved along the X-. Y- and Z-axes and the workiiriece is 
moved along the X- and Y-axis, but the mask and the 
workpiece may be rotated about at least one of the X- 
and/or Y-axis. It is not necessary that both workpiece and 
the mask are moved, but only one of them can be moved. 

FIG. 22 shows a twentieth embodiment which uses 
an electron beam as a low-energy beam 41a. In this 
case, a film-forming material 53 may be precoated on 
the surfoce of the workr^ece 45 or a f ilm-forrrung gas 55 
may be supplied with the electron beam 41 a. By coating 
the film-forming material 53 or directing the f am-fbrming 
gas on the surface of the worKpiece 45, and radiating the 
electron beam 41 a through the mask 43, the film-forming 
material or the film-forming gas are activated on the sur- 
^ce of the workpiece, and a d^sosit 47 having the same 
pattern as the mask is produced on the workpiece. 

in this case, the mutual movement of the mask and 
the worKpiece requires that only one Is moved with 
respect to the other. 

FIG. 23 shows a twenty-first embodiment which pro- 
vides a multi-axial movement A worKpiece 4Sa disposed 
on a positioning device (not shown) is translated along 
X- and Y-axes as well as rotated about the X- and Y-axes 
so as to produce a film deposit 47 on any surface or any 
location of the workpiece 45a. The workpiece 45a can 



also be moved along the Z-axis or rotated about the Z- 
axis. In addition, the beam source 40 and/or the mask 
can be translated at least along one axis of the X-. Y- and 
Z-axes as well as rotated about one of the X-. Y- and Z- 
5 axes with the worl^ece tocated at the center of revolu- 
tion. 

In the embodiment shown In FIG. 23. if an electron 
beam Is used as the low-energy beam 41 . a film-forming 
material 53 may be coated on the workpiece 45a before- 
10 hand or use a f ilnn-forming gas along with the electron 
beam, as in the case desaibed for the embodiment in 
FIG. 22. 

FIG. 24 shows a twenty-second embodiment In this 
embodiment, the radiation is a converging beam 41b 

IS which is irradiated directly onto the workpiece 45a with- 
out using a mask. The workpiece 45a Is mounted on a 
positioning device (not shown) and Is translated along 
and rotated about the X-and Y-axes, and the beam 
source 40 Is rotatat)le about the X-and Y-axes. The diam- 

20 eter of the converging beam Includes a 0. 1-1 0 nm range; 
a 10 nm • 1 ^m range; or a 1-100 fim range, and prefer- 
ably a 10 nm - 1 ^m range. By translating the worlpiece 
45a and the beam source 40 along the X- and Y-axes as 
well as rotating about the X- and Y-axes, any pattern may 

25 be formed on any surface or location of the woripiece 
45a. 

In this emtxxliment also, if an electron beam Is used 
as the low-energy beam 41b. then a film-forming material 
may be coated on the workpiece beforehand or a f llm- 
30 forming gas may be directed along with tfie electron 
beam. 

FIG. 25 illustrates an example of using the method 
of forming a film deposit shown in FIG. 24 to produce a 
film deposit 47 having the desired pattern on a surface 

35 of a complex shaped, stepped workpiece made by 
assembling two micro-parts 45b. 45c. 

FIG. 26 shows a twenty-third en*odiment. In this 
embodiment, the beam 41c radiated from a beam source 
40 has a certain shape, and the workpiece 45 is able to 

40 translate along as well as rotate atxxit the X- and Y-axes. 
Therefore, without using a mask, a film deposit 47 having 
any desired pattern may be formed on any surtece or 
location of the worKpiece 45a. Shaped-beam can be 
generated by shaping the electrode 40a of the beam 

45 source 40 in the desired pattern. 

RG. 27 shows an exanple of a system for forming 
a film deposit according to tiie present invention. In this 
system, the workpiece 45 is at^e to translate along the 
X- and Y-axes by means of an XY-stage 59 as well as 

50 rotate about the X- arxJ Z-axes passing tiirough the 
center of the workpiece 45 by means of a rotation device 
61. 63 provided on the X-Y stage 59. The beam source 
40 is able to translate along as well as rotate about the 
X-. Y- and Z-axes by means of a manipulator 73 including 

55 an XY-stage 65, a Z-stage 67 and the rotation devices 
69, 71 . In this embodiment, tiie beam source 40 has a 
converging beam having a diameter of 0.1 nm - 100 |un. 
When using the mask shown in FIGS. 21-23 and 26. a 
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non-convergent beam having a beam diameter of 1 {im 
- 300 mm may be used. 

Furthermore, because the workpiece 45 ie micro- 
sized and is difficult to be positioned with unaided eye. 
a magnifying meais 75 such as a light microscope, laser s 
microscope or SEM and the like may be used to provide 
accurate Infbrmation on film location and deposition con- 
ditiona 

Film deposition process is generally performed in an 
evacuated vessel 77 having an XY-stage 59 for holding io 
the workpiece. a manipulator 73 for the beam source and 
a magnifying means 75 disposed therein, and the proc- 
ess control, such as positioning of the workpiece and the 
beam source, is carried out from outside the vessel 77. 

FIGS. 28 and 29 show a twenty-fourth embodiment is 
relating to a method of micro-fabrication In a three- 
dimensional space. 

The processing steps are divided into three fabrica- 
tion stages: stage A. stage B and stage C. tn stage A, 
micro-sized opening 82A. 82B are formed on a work- 20 
piece 81 using a beam sources 80A. 808. In this embod- 
iment the workpiece 81 may be represented by a siDcon 
single crystal or a polyamide resin material. In stage B. 
a rod piece 85 of a 300 (im diameter stainless ste^, for 
example, is insertingly coupled into the opening 82 A 25 
using a manipulator 84 A. Also, a plate piece 86 of a sil- 
icon single crystal, for example, is insertingly coupled 
into the opening 82B using a manipulator 84B. tn stage 
C, the joint area between the rod piece 85 and the open- 
ing 82A is irradiated with a radical partide beam of a 30 
reactive gas generated from a beam source 80A which 
is rotated in a path of a cone shape about the Z-axis as 
illustrated in FIQ. 28, stage C. Similarly, the joint area 
between the plate piece 86 and the opening 82B is irra- 
diated with a radical particle beam source by moving the 35 
beam source 806 parallel to the surface of the workpiece 
81 . The inadiation process with the radical partide beam 
produces a bonding agent 87 to bond different materials, 
manifested in this emtxxJimert by the workpiece 81 , the 
rod piece 85 and the plate piece 86. 40 

FIQ. 29 is an illustration of the process of irradiating 
the jnnt area with a radical partide beam to fbrm a local 
borxiing agent (deposition) 87 between the workpiece 81 
and the inserted rod piece 85. 

FIG. 30 shows a twenty-sixth emtxxliment in which 45 
different materials are joined vnth the use of a high fre- 
quency plasma beam. 

A beam source 10 comprises a discharge (insulat- 
ing) tube 11. an upstream electrode 15 and a down- 
stream electrode 1 7 both of which are grounded, and a so 
middle electrode 16 which is applied with a high fre- 
quency vdtaga it is permissible to apply a positive volt- 
age to the upstream electrode 1 5. The middle electrode 
16 may be a capadtively coupled type or an inductively 
coupled type, and if capacttively coupled, a ring elec- ss 
trode is used, and if indudively coupled, a coil electrode 
is used. A plasma is generated by promotion of the vibra- 
tional action of the electrons t>y the application of a high 
frequency voltage on the middle eledrode 16. The pos- 



itive ions in the plasma are accelerated by the biasing 
acceleration voltage towards the beam discharge open- 
ing 12 of downstream electi-ode 17, and are neutralized 
therein. By applying a positive voltage to the downstream 
etecti-ode 1 7 arvi grounding ttie upstream electrode, it is 
possible to generate a highspeed atomic beam produced 
by the negative Ions in the plasma. 

In this eml^odiment, the downstream electa'Ode is 
provided at its tip with a radical particle discharge nozzle 
19 for fornvng a local film deposit. The radical particle 
discharge nozzle 19 disposed at the tip has an inside 
diameter of 0. 1 -3 mm, and may be provided with a screen 
holeofO.1 nm - 10 timfor forming a finestream of radical 
particles. 

This embodiment illustrates a case of inserting a 
micro-sized rod piece 24 into a workpiece 23 followed by 
forming a local film deposit to bond the rod piece 24 to 
the workpiece 23. In tiiis example, the diameter of rod 
piece 24 ranges between 10 nm - 100 \um. Typical 
processing stages are as follows. Insertion cavities are 
produced by the highspeed atomic beam generated in 
the beam source apparatus shown in FIG. 28, the com- 
ponent pieces are assembled into the cavities while 
observing Vtte assembly urvler magnifying means using 
micro-handling means, and the beam source is posi- 
tioned on the joint area for local film deposition. The 
beam source in this case may be obtained by changing 
the parameters of the same electrode, or may utilize 
another beam source. Finally, a radical beam source is 
used to deposit a local bonding agent on the joint area 
as illustrated in FIG. 30. 

Aligning of the assembly pieces and positioning of 
the beam source with the workpiece are carried out 
under magnifying means such as a light microscope or 
SEM using a micro-handling device or a micro-handling 
stage, capable of providing ttie micro-movements suits- 
l^e for the task, to which the beam source arvi/or the 
workpiece is mounted. 

In this embodiment, the beam source was mounted 
on a rotation/translation stage to permit irradiation at any 
orientation angle. However, it is also permissible to fix 
the beam source and move the workjaiece as in other 
embodiments presented. 

TTie micro-beam source for micro-f&brication of a 
workpiece may be any of a reactive radical particle beam 
of a film-forming material or a low-energy highspeed 
atomic beam. For example, if the process gas for the 
beam source is methane, cartx>n (C) containing radicals 
are formed, and the bonding agent 67 formed indudes 
graphite and diamond-like cart>on. 

Other process gases include tungsten fluoride, alu- 
minum chloride, titanium chloride and tiie like gases con- 
taining metallic conponent(s) or carbon or hydrocarbon 
group gases containing C or C-H. The fc)onding agent 
formed at the joint area indudes films of tungsten, alu- 
minum, titanium, graphite, diamond-like cartoon and pol- 
ymeric films containing hydrocaitx)ns. This type of 
forming a film deposit of a bonding agent for bonding two 
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different materials is carried out mostly in a vacuum envi- 
rcwvnent. 

Reviewing the method of micro-fabricating a three- 
dimensional object presented above, the following sali- 
ent feature are noted: s 

(1) Two different materials may be bonded or 
attached in a vacuum equally as good as bonding 
two objects made of a same material: 

(2) Heating is local and there is no need to heat the io 
entire workpiece; 

(3) A plurality of micro-components can be bonded 
or attached in a vacuum; 

(4) Fabrication may be carried out even on a com- 
plex shaped workpiece. is 

For example, conventional method of bonding 
requires that the entire worl^iece be heated to a tem- 
perature over 1 00 degrees In an evacuated environment, 
thus em^luding the application of the method to polymeric 20 
materials. For semiconductor devices, such elevated 
temperature healing would lead to loss of device per- 
formance. However, the micro-'totxication method of the 
present invention presented above is able to produce a 
three-dimensional structure of any material without 2S 
encountering any such problems. 

Although not mentioned specifically, it is preferat>ie 
that all the fabrication methods presented in FIGS. 21 to 
30 to be carried out in a vacuum environment, and micro- 
fat>rication tasks under a magnifying means. In tfiese 30 
embodiments, the beam source, mask and the work- 
piece were translated along or rotated about the orthog- 
onally intersecting axes. However, it is clear that they 
may be moved along axes which may be intersecting at 
oblique angles. as 

Although the px^esait invention was demonstrated 
with embodiments having specific components and con- 
figurations, these examples are meant to be illustrative, 
not restrictive. It is clear that the present invention need 
not be limited to the specific configurations or procedures 40 
presented in these specific examples, and other suitable 
configurations of beam source may be utilized within the 
principle of an alterak}le in-situ beam source and a f Ie3d- 
ble irradiation configuration to permit a three-dimen- 
sional pattern to be fabricated on any surface and any 4s 
location of the workpiece which heretofore has not been 
possible. 

It should be noted that the objects artd advantages 
of the invention may be attained by means of any com- 
patible con^ination(s) particularly pointed out in the so 
items of the following summary of the invention cuid the 
appended claims. 

SUMMARY OF INVENTIOM 

55 

1 . An energy beam source comprising: 
a discharge tube; 

a gas supply nozzle for supplying a process 
gas to said tube from upstream to downstream: 



a beam discharge nozzle having not less tiian 
one beam discharge opening; and 

not less than three electrodes disposed in 
said discharge tube; 

wherein each electrode of said not less than 
three electrodes is applied with an operating electri- 
cal voltage selected from a group consisting of a 
high frequency voltage, a direct current voltage and 
a ground voltage, and wherein said energy beam 
source supplies a beam having an adjustable 
energy level and a selectable species of particles 
chosen from a group consisting of positive ions, neg- 
ative tons, highspeed neutral atoms, radical parti- 
cles and electrons by suitably selecting operating 
parameters, including said operating electrical volt- 
age, associated with each of said not less than three 
electrodes, and said process gas. 

2. An energy beam source wherein said beam dis- 
charge nozzle is provided with not less than one 
beam discharge opening, wherein a diameter range 
of said beam discharge opening is selected from a 
group consisting of a 0.1 nm to 10 nm range, a 10 
nm to 100 nm range arxl a 100 nm to 10 {im range, 
and wherein a length of said beam discharge open- 
ing is selected from a group consisting of a 1 to 5 
times said diameter. 5 to 1 0 times said diameter, and 
not less than 10 times said diameter. 

3. A micro-fatxicating apparatus having an energy 
beam source wherein said energy beam source is a 
compact source, and not less than one of said beam 
source is mounted on handling means, including a 
micro-manipulator and a rotation/translation stage, 
so as to provide a freedom in orienting said beam 
source in any orientation with respect to said work- 
piece. 

4. A micro-fabricating apparatus wherein an elec- 
trode disposed in a farthest downstream location is 
provided to permit a beam to pass through a pat- 
terned opening formed on a patterned mask, and a 
dimension of said opening is selected from a group 
consisting of a 0.1 nm to 10 nm range, a 10 nm to 
100 nm range and a 100 nm to 10 |im range. 

5. A micro-fatxicating apparatus wherein said appa- 
ratus is provided with transport means for providing 
a relative movement of said workpiece and said 
energy beam source for performing micro-fabrica- 
tion tasks, including local film deposition, focal etch- 
ing. tx}rKling and attacliing. 

6. A micro-fabricating apparatus wherein said appa- 
ratus is provided with transport means for providing 
a relative micro-movement of said workpiece and 
said energy beam source for performing micro-fob- 
rication tasks, including local film d^30Sition. focal 
etching, bonding and attaching. 
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7. A method of micro-fabrication comprising the 
steps of: 

positioning a beam source: 

operating said beam source so as to gener- 
ate a low-energy beam in association with a Urn- s 
forming gas: and 

radiating said low-energy beam on a work- 
piece; 

wherein a relative movement of said energy 
beam source and said workpiece is provided so as to 
to produce any deposition pattern on any surface or 
any location on said worl^leca 

8. A method wherein said relative movement is pro- 
vided t>y moving at least one of said beam source is 
and said workpiece. 

9. A method of miao-fabrication using a beam 
source wherein said workpiece is translatable, in two 
directtons 'v\ relation to a beam path, along orthog- 2o 
onally- intersecting axes or alortg otiliquely-inter- 
sectingaxes. 

10. A method of micro-f^rication using a beam 
source wherein a workpiece is rotatat}le in two direc- ss 
tions in relation to a beam path, along orthogonally- 
intersecting axes or along obliquely-intersecting 
axes. 

11. A method of micro-fabrication wherein said 30 
beam source is selected from a group consisting of 

an ion beam, a high speed atomic beam, a molecular 
beam and an atomic beam. 

12. A method of micro-fabrication using a beam 3S 
source wherein a t)eam diameter of said energy 
beam source is selected from a group consisting of 

a 0.1 nmtolOnmrange, a10nmto1|unrangeand 
a 1 |mi to 100 fun range. 

40 

13. A method of micro-fabrication using a beam 
source wherein deposit forming on a workpiece is 
performed wtvle observing saki worKiNece under a 
light microscope or scanning electron microscope. 

45 

14. A method of miCTO-fabrication comprising the 
steps of: 

positioning a low-energy beam source and 
operating said beam source so as to generate a low- 
energy beam in association wrtti a film-forming gas; so 
arxJ 

radiating said low-energy beam on a work- 
piece through a patterned mask having a specific 
pattern; 

wherein a relative movement of said energy ss 
beam source and said workpiece is provided so as 
to produce any deposition pattern on any surface or 
any location on sakj workpieca 



1 5. A method wherein said relative movement is pro- 
vided by moving at least one of saU beam source 
and said workpiece. 

16. A method wherein said workpiece is translatable 
in two directions in relation to a beam path, along 
orthogonally-intersecting axes or along oblk^ely- 
irrtersecting axes. 

1 7. A method wherein a workpiece is rotatable in two 
directions in relatkm to a beam path, along orthog- 
onally-intersecting axes or atong cbtiquely-intersect- 
ingexas. 

18. A method wherein said beam source is selected 
from a group consisting of an ion beam, a high speed 
atomic beam, a molecular beam and an atomic 
beam. 

19. A method wherein a beam diameter is in a 1 ^m 
to 300 mm range. 

20. A method wherein deposit film fbrnvng on a 
workpiece is performed while observing said work- 
piece under a tight microscope or scanning electron 

microscope. 

21. A method of micro-fabrication comprising the 
steps of: 

positioning a beam source: 

applying a coating of a film-forming material 
or supplying a film-forming gas on a surfece of a 
workpiece: 

operating said beam source so as to gener- 
ate an electron beam; and 

radiating said electron beam on said surface 
of said workpiece so as to activate f ilm-fwrning par- 
ticles to form a film deposit on said surface: 

wherein a relative movemerrt of said energy 
beam source and said workpiece is provided so as 
to produce any deposition pattern on any surlace or 
any location on said workpieca 

22. A method wherein said relative movennent is pro- 
vided by moving at least one of said beam source 
and said workpiece. 

23. A method wherein said workpiece is translatable 
in two directions in relation to an electron beam path, 
along orthogonally-intersecting axes or along 
obliquely-intersecting axes. 

24. A method wherein a workpiece is rotatable in two 
directions in relation to an electron beam path, along 
orthogonally-intersecting axes or along obliquely- 
intersecting axes. 

25. A method wherein a diameter of said electron 
beam is selected from a group consisting of a 0.1 
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nm to 10 nm range, a 10 nm to 1 |im range and a 1 
fimto100)im ranga 

26. A rnethod wherein deposit forming on a work- 
piece is performed while observing said workpiece 
under a light microscope or scanning electron micro- 
scope. 

27. A method of iracro-fabrlcalion comprising the 
steps of: 

positioning a beam source; 

applying a coating of a f ilm-fbrming material 
or supplying a film-forming gas on a surface of a 
workpiece; 

operating said beam source so as to gener- 
ate an electron beam; and 

radiating said electron beam on said surface 
of said workpiece through a patterned mask having 
a specific pattern to form a film deposit on said sur- 
face; 

wherein a relative movement of said electron 
beam source and s£ud wortqslece is provided so as 
to produce any deposition pattern on any surface or 
any location on said workpiece. 

28. A method of micro-^rication comprising the 
steps of: 

positioning a beam source; 

applying a coating of a film-forming material 
or supplying a film-forming gas on a surface of a 
worlqsiece; 

operating said beam source so as to gener- 
ate an electron beam; and 

radiating said electron beam on said surface 
of said workpiece from a shaped electrode config- 
ured to a specific pattern to form a film deposit on 
said surface; 

wherein a relative movement of said electron 
beam source and said workpiece is provided so as 
to produce any deposition pattern on any surface or 
any location on said workpiece. 

Claims 

1 . An energy beam source comprising: 
a discfiarge tube; 

a gas supply nozzle for supplying a process 
gas to said tube from upstream to downstream; 

a beam discharge nozzle having not less than 
one beam discharge opening; and 

not less than three electrodes disposed in 
said discharge tube; 

wherein each electrode of said not less than 
three electrodes is applied wHh an operating electri- 
cal voltage selected from a group consisting of a 
high frequency voltage, a direct current voltage and 
a ground voltage, arxi wherein said energy beam 
source supplies a beam having an adjustable 
energy level arid a selectable species of particles 



chosen from a group consisting of positive ions, neg- 
ative ions, highspeed neutral atoms, radical parti- 
cles and electrons by suitably selecting operating 
parameters, including said operating electrical volt- 
5 age, associated with each of said not less than three 
electrodes, and said process gas. 

2. An energy beam source as claimed in claim 1. 
wherein said beam discharge nozzle is provided 
with not less than one beam discharge opening, 
wherein a diameter range of said bead discharge 
opening is selected from a group consisting of a 0.1 
nm to 10 nm range, a 10 nm to 100 nm range and a 
100 nm to 1 0 fim range, and wherein a length of said 
beam discharge opening is selected from a group 
consisting of a 1 to 5 times said diameter, 5 to 10 
times said diameter, and not less than 1 0 times said 
diameter. 

A micro-fabricating apparatus having an energy 
beam source as claimed in claim 1 or 2, wherein said 
energy t>eam source is a compact source, and not 
less than one of said beam source is mounted on 
handling means, including a micro-manipulator and 
a rotation/translation stage, so as to provide a free- 
dom in orienting said beam source in any orientation 
with respect to said worlqsieca 

A micro-fabricating apparatus as claimed in daim 1 . 
wherein an electrode disposed in a farthest down- 
stream location is provided to permit a beam to pass 
through a patterned opening formed on a patterned 
mask, and a dimension of said opening is selected 
from a group consisting of a 0.1 nm to 10 nm range, 
a 10 nm to 100 nm range and a 100 nm to 10 |im 
range, 

wherein said apparatus is preferably provided with 
transport means for providing a relative movement 
of said workpiece and said energy beam source for 
performing rrdao-fabrication tasks, including local 
film deposition, local etching, txtrxling and attaching. 

A method of micro-fatM'ication comprising the steps 
of: 

positioning a t>eam source claimed in any of 
the claims; 

operating said beam source so as to gener- 
ate a low-energy beam in association writh a film- 
forming gas; and 

radiating said low-energy beam on a work- 
piece; 

wherein a relative movement of said energy 
beam source and said workpiece is provided so as 
to produce any deposition pattern on any surface or 
any location on said woriq;>iece. 

6. A method as claimed in daim 5, wheran said relative 
movement is provided by rrraving at least one of said 
beam source and said worl^iece. 
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wherein said worKpiece is translatable, in two . 
directions in relation to a beam path, along orthog- 
onally- intersecting axes or along obliquety-inter- 
secthng axes, 

wherein prefferably a worKpiece is rotatable in 5 
two directions in relation to a beam path, along 
orthogonally- intersecting axes or along obliquely- 
intersecting axes. 

wherein preferably said beam source is 
selected from a group consisting of an ion beam, a 10 
high speed atomic beam, a molecular beam and an 
atomic beam. 

wherein preferably a beam diameter of said 
energy beam source is selected from a group con- 
sisting of a 0.1 nm to 10 nm range, a 10 nm to 1 |im is 
range and a 1 ^m to 100 (xm range, and 

wherein preferably deposit forming on a 
worl^iece is performed while observing said work- 
piece under a light microscope or scanning electron 
microscope. 20 

7. A method of miao-fabrication comprising the steps 
of: 

positioning a low-energy beam source and 

operating said beam source so as to generate a low- 2s 
energy beam in association with a film-forming gas: 
and 

radiating said low-energy beam on a work- 
piece through a patterned mask having a specinc 
pattern: 30 

wherein a relative movement of said energy 
beam source and said worKpiece is provided so as 
to produce any deposition pattern on any surface or 
any location on said workpieca 

35 

8. A method as claimed in claim 7, wherein said relative 
movement is provided by moving at least one of said 
beam source and said worKpiece, 

wherein preferably said worKpiece is translat- 
able in two directions in relation to a beam path. 40 
along orthogonally-intersecting axes or along 
obHquely' intersecting axes. 

wherein preferably a worKpiece is rotatable in 
two directions in relation to a beam path, along 
orthogonally-intersecting axes or along obliquely- 4S 
intersecting axes. 

wherein preferably said beam source is 
selected from a group consisting of an ion beam, a 
high speed atomic beam, a molecular beam and an 
atomic beam. so 

wherein preferably a beam diameter is in a 1 
(im to 300 mm range , and 

wherein preferably deposit film forming on a 
worlqaiece is performed while observing said work- 
piece under a Gght microscope or scanning electron 55 
microscope. 

9. A method of micro-fabricatton comprising the steps 
of: 



positioning a beam source claimed in claim 1 ; 

applying a coating of a film-forming material 
or applying a film-forming gas on a surfece of a 
workplace; 

operating said beam source so as to gener- 
ate an electron beam; and 

radiating said electron beam on said surface 
of said workpiece so as to activate film-forming par- 
tides to form a film deposit on said surface; 

wherein a relative movement of said energy 
beam source and said workpiece is provided so as 
to produce any deposition pattra^n on any surface or 
any location on said workpieca 

1 0. A method as claimed in claim 9, wherein said relative 
movement is provided by moving at least one of said 
beam source and said workpiece, 

wherein preferably said workpiece is translat- 
able in two directions in relation to an electron beam 
path, along orthogonally-intersecting axes or along 
obliquely-intersecting axes. 

wherein prefer^y a worKpiece is rotatable in 
two directions in relation to an electron beam path, 
along orthogonally-intersecting axes or along 
obliquely- intersecting axes. 

wherein preferably a diameter of said elec- 
tron beam is selected from a group consisting of a 
0.1 nm to 10 nm range, a 10 nm to 1 \im range and 
a 1 M.m to 100 iim range, and 

wherein preferably deposit forming on a 
workpiece is performed while observing said work- 
piece under a light microscope or scanning electron 
microscope. 

11. A method of mk;ro-febncation coirprising the steps 
of: 

positi(»iing a beam source claimed in claim 1; 

applying a coating of a film-forming material 
or supplying a film-forming gas on a surface of a 
worKpiece; 

operating said beam source so as to gener- 
ate an electron beam; and 

radiating said electron beam on said suifece 
of said worKpiece through a patterned mask having 
a specific pattern to form a film deposit on said sur- 
face; 

wherein a relative movement of said electron 
beam source and said workpiece is provided so as 
to produce any deposition pattern on any surface or 
any location on said workpiece. 

1 2. A method of m«ro-fiBbricatk>n comprising the steps 
of: 

positioning a beam source claimed in claim 1 ; 
applying a coating of a film-forming material 
or supplying a film-forming gas on a surface of a 

workpiece; 

operating said beam source so as to gener- 
ate an electron beam; and 
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radiating said electron beam on said surlace 
of said worlqMece from a shaped electrode config- 
ured to a spiacific pattern to form a film deposit on 
said surface: 

wherein a relative movemerrt of said electron s 
beam source and said worhplece is provided so as 
to produce any deposition pattern on any surtace or 
any location on said workpiece. 

13. An energy beam source comprising: io 
a discharge tube: 
a gas supply nozzle ; and 
a beam discharge nozzle. 
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